this study on potential alternatives to the main registered miticide. Neunzing and Galletta (1977) sampled blueberry species in Georgia and found that highbush blueberry was the most heavily infested, with an average of 66% bud infestation. No blueberry cultivar has been demonstrated to be fully resistant to the bud mite, though some cultivars have been observed as free of mites in fi eld collections (Neunzing and Galletta, 1977) . The lack of known resistant cultivars creates a need for management tools that provide effective control of blueberry bud mite infestations.
Current recommendations for control of blueberry bud mite in the United States rely on pruning infected bushes and postharvest application of the organochlorine insecticide, endosulfan. This pesticide is applied in high water volume [up to 2806.1 L·ha -1 (300 gal/acre)] and at high pressure because of the need to deliver pesticides into tight spaces in and around the bud scales where the mites aggregate (Beasley et al., 1983) . Recent development of locally-systemic and translaminar insecticides that can spread within plant tissues may reduce the need for these specifi c sprayer settings (Weintraub and Horowitz 1998; Ngo et al., 1999; Elbert et al., 2001 ) and provide blueberry growers with a means of targeting bud mites more effectively. In addition, recent legislated re-evaluation of endosulfan by the U.S. Environmental Protection Agency, carried out in response to the Food Quality Protection Act of 1996, has prompted proposals for reduced use in blueberry, increasing the need for alternative controls for blueberry bud mite.
This study was conducted to 1) compare miticide options to control blueberry bud mite under laboratory conditions, 2) compare the fi eld efficacy of fall applications of endosulfan to spring applications of oil, and 3) determine the effectiveness of endosulfan applied to blueberry plantings using a multifan/nozzle type sprayer.
Materials and methods
LABORATORY ACARICIDE COMPARI-SONS. In Expt. 1, four acaricides were tested to determine the most effective chemical control of blueberry bud mite. Fifty 20-cm-long (7.9-inch) shoots with new growth were randomly collected on 23 July 2001 from a mature fi eld of 'Rubel' highbush blueberry in Grand Junction, Mich. containing plants that exhibited damage symptoms. The cut ends of 10 shoots per treatment were transported in water in a cooler to the laboratory where they were treated. Each shoot was treated by immersion for 3 s in 1 L (33.8 fl oz) of a water control or a solution of insecticide that was mixed to be equivalent to application in 935.4 L·ha -1 (100 gal/acre) of water. The following insecticides were tested: abamectin (AgriMek 0.15 EC; Syngenta, Greensboro, N.C.) at 1169.2 mL·ha -1 (16 fl oz/acre) mixed with horticultural oil (Ultrafi ne Oil; Sunoco Oil Company, Philadelphia, Pa.) at 0.5% by volume; pyridaben (Pyramite 60 WP; BASF, Mount Olive, N.J.) at 462.34 g·ha -1 (6.6 oz/acre); fenpropathrin (Danitol 2.4 EC; Valent, Walnut Creek, Calif.) at 774.61 mL·ha -1 (10.6 fl oz/acre); and endosulfan (Thiodan 50 WP; FMC Corp., Philadelphia, Pa.)) at 3.4 kg·ha -1 (3 lb/acre). Each shoot was shaken to remove excess liquid and placed upright in a test tube rack inside an illuminated fume hood to dry. Five days after treatment, the lower four buds of the new growth on each shoot were examined for adult mites and the total number of live mites was recorded for 7 to 10 young buds on every shoot. Dead mites were differentiated from living mites by their dry and deformed bodies, darker coloration, and less shiny surface.
To test the effi cacy of the combined abamectin plus oil treatment, Expt. 2 was conducted one week after Expt. 1. Highly infested shoots were treated as described above with abamectin mixed with horticultural oil, abamectin, horticultural oil, or water using the same rates and methods as in Expt. 1. The treated branches were assessed 5 d after application of acaricides by counting mites as described above.
FIELD COMPARISON OF OIL AND EN-DOSULFAN.
A fi eld of mature 'Rubel' highbush blueberry, where blueberry bud mite had been detected in samples taken during July 2001, was selected for this trial in Grand Junction, Mich. A randomized complete block design with four replicates was used, and each block contained four treatments that were applied to 30 bushes along a row. Blocks were separated across rows by a guard row and treated sections of rows were separated by two bushes. Within a block, each plot received either 1) an untreated control, 2) endosulfan (Thiodan 50 WP) at 3.4 kg·ha -1 ap- T he blueberry bud mite is an eriophyid species infesting both highbush blueberry and lowbush blueberry (Vaccinium angustifolium) plantings in North America. It was fi rst reported by Fulton (1940) and is typically a pest of blueberry in eastern North America, with greatest activity in areas with mild winter climates. Keifer (1941) described this species and found blueberry bud mites on many species of cultivated and wild blueberry. Infestations of this pest are challenging to manage because of a restricted number of registered chemical control options, diffi culty in detecting infested plants, and the challenge of reaching mites within the buds with pesticide (Bailey and Bourne, 1946; Pritts and Hancock, 1992) . Endosulfan is the main acaricide used for control of blueberry bud mite, applied as a postharvest treatment. In more northern regions of highbush blueberry production, there may be a small window for application of this acaricide because new buds may be well formed only a few weeks after the harvest of late varieties. Symptoms caused by blueberry bud mite may be similar to those caused by winter injury and this, along with its small size, has contributed to low awareness of this species as a potential pest.
Symptoms of infestation range from reddening of bud tissue early in the season to inhibition or prevention of leaf and fruit development (Pritts and Hancock, 1992) . Summer generations cause reduced vegetative growth that impacts the following year's crop. In severe infestations plant growth and yield can be reduced (Bailey and Bourne, 1946) . Blueberry bud mite infestations have recently been reported in Michigan (Isaacs and Gajek, 2003) -1 (200 gal/acre) of water, while those made at bud break were made in 654.8 L·ha -1 (70 gal/acre) of water, using a Berthoud Arbo 400 airblast sprayer (Berthoud Agricole, Belleville, France). Two weeks after the oil applications fi ve branches containing developing buds with a minimum of fi ve buds per branch were collected randomly from each plot. Mite infestation was scored by examining the apical bud and proceeding downward to inspect additional buds until fi ve buds were examined or more than six mites were observed per sample. The number of live mites detected in each branch sample were counted and placed in one of four categories; 0 = no mites, 1 = one mite, 2 = three to fi ve mites, and 3 = six or more mites. In total, 20 stems were counted from each treatment.
FIELD COMPARISON OF SINGLE OR DOUBLE ENDOSULFAN APPLICATIONS.
Two adjacent fi elds of mature highbush blueberry ('Rubel' and 'Jersey') in Breedsville, Mich. were each divided into four equal plots and each plot received either 1) no treatment; 2) endosulfan (Thiodan 3 EC) at 4. 2002. These treatments were applied in 280.6 L·ha -1 (30 gal/acre) of water using a Proptec over the row sprayer with fan-assisted spray deposition (Ledebuhr Industries, Bath, Mich.) as described by Hanson et al. (2000) . Each treatment plot contained two rows with 50 bushes in each row and a guard row between each treatment. Following the treatments, 20 branches were sampled per plot, and each treatment was examined to detect mite survival. The same procedure was used to collect, examine, and score the branches as described in the fi eld experiment described above.
DATA ANALYSIS. Counts of live mites per shoot in laboratory experiments were analyzed by analysis of variance (ANOVA) followed by means comparison using Statview (Abacus Concepts Inc., Berkeley, Calif.). The score data from fi eld experiments were transformed using reciprocal transformation to obtain normal distribution and account for observations of zeros (Zar, 1999) , followed by ANOVA. Data from each experiment were analyzed separately and means were compared using Fisher's protected least signifi cant difference method to identify signifi cant differences.
Results

ACARICIDE EFFICACY.
All acaricide treatments tested in the laboratory caused a signifi cant reduction in the number of mites found on the shoots (Tables 1 and 2 ). In Expt. 1, abamectin plus oil provided 100% control of blueberry bud mite and this was not signifi cantly different from endosulfan, which provided 97% control (Table 1) . Pyridaben and fenpropathrin both reduced the number of mites per shoot within 5 d of treatment compared to the control, but these reductions were moderate (50%) compared to the other treatments.
When the components of the abamectin and oil treatment were tested separately, both components showed strong miticidal activity individually. The numbers of live mites in each treatment were not signifi cantly different from the number of mites found in shoots treated with a combination of the two compounds ( Table 2 ). The oil component alone provided 99.4% reduction compared to the water control, whereas the abamectin treatment caused an 87.4% reduction in the mite population. FIELD COMPARISON OF ENDOSULFAN AND OIL. The average mite score on bushes treated with endosulfan postharvest and a delayed-dormant oil application was signifi cantly lower than that on the untreated bushes (P = 0.032) ( Table  3 ). There was no signifi cant difference among the other treatments, but the endosulfan and endosulfan plus oil treatment reduced the average mite scores by 48% and 52% respectively. A 40% reduction in mite score was recorded when oil was applied alone at the delayed-dormant timing. When buds were examined after the spring z Score 0 = no mites, 1 = one mite, 2 = three to fi ve mites, and 3 = more than fi ve mites.
RR1 20 1/23/04, 6:51:02 AM application, the oil application and the combination treatment resulted in a high proportion of mite-free buds (75% and 70%, respectively) compared to the untreated control (40%).
FIELD COMPARISON OF ENDOSULFAN ONCE OR TWICE PLUS SYLTAC .
Comparisons made in the fi elds of 'Rubel' and 'Jersey' indicated a reduction in bud mite abundance from the untreated (2.15 average mite score) in response to a single application of endosulfan (1.3 average mite score), endosulfan applied twice (0.30 average mite score), and endosulfan applied twice plus a silicone surfactant (0.45 average mite score). The two treatments that received endosulfan applications twice postharvest had 90% and 85% mite-free buds.
Discussion
Our laboratory and fi eld experiments demonstrate that endosulfan is a highly effective acaricide for the control of blueberry bud mite under commercial production conditions in Michigan, and addition of a spreadersticker was not found to increase bud mite control by this product. Endosulfan is currently used in integrated fruit production programs elsewhere, including Polish blackcurrants (Ribes nigrum), where it is used against the black currant bud mite (Cecidophyopsis ribis), providing direct control and also protection of predatory mites (Gajek and Niemczyk, 2002) . Endosulfan is also relatively safe for pollinators once the residue is dry (Johansen and Mayer, 1990) , and can play an important role in integrated blueberry pest management programs.
This study also demonstrated that there are effective alternative miticides for control of blueberry bud mite, such as abamectin that showed excellent control against the target pest. Horticultural oils have been used against tetranychid mite pests in apple (Malus ×domestica) (Agnello et al., 1994) , performing with high effi cacy at low rates of application, and the oil tested in this study showed excellent activity against blueberry bud mite. The relatively low cost of oils and safety to humans and biocontrol agents provide compelling reasons for their recommendation within integrated blueberry production systems. Pyridaben and fenpropathrin have no penetrative properties and performed relatively poorly against this pest that is most abundant in the tight spaces of blueberry buds.
Since endosulfan has high mammalian toxicity, application is restricted to after harvest for control of blueberry bud mite. In southern states of the U.S., two applications are recommended (Sorensen, 1994) . The slower annual phenology of blueberry in more temperate climates may reduce the duration of the appropriate plant development stage for application, so alternative timings for control may be needed. For example, applications could be made at bud break when overwintering mites will be more exposed than when bud scales are tightly wrapped together. Alternatively, the period of mite migration may be a more effective time for acaricide applications. The timing of this movement from old buds to new growth is not well understood, however, and is an area that should be investigated to help optimize opportunities for control of blueberry bud mite.
A clearer understanding of the biology and ecology of blueberry bud mite is essential for the development of optimal control programs for this pest. Baker and Neunzig (1970) indicate that bud mite is often a greater problem in dryer summers following mild winters, such as those experienced in Michigan during the fi ve years prior to this study. The variability of occurrence of this pest from year to year may be explained by overwintering conditions (Sorensen, 1994) , but the long-term importance of blueberry bud mite remains to be evaluated. However, the broad geographic range of this mite within Michigan found in a recent survey (Isaacs and Gajek, 2003) and the degree of damage associated with its presence indicates that this pest requires active monitoring within an integrated pest management program. During these experiments, a potential for biological control was identifi ed; tydeid predatory mites were found in spring samples, with both tydeid and phytoseiid mites present during summer samples (D. Gajek and R. Isaacs, unpublished) . Future research efforts should identify biological controls that can be used to maintain populations of blueberry bud mite below economic thresholds. A management program is needed to provide a standard method for sampling, decision-making, and effective chemical control that retains the activity of biological control agents.
